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ABSTRACT 
 
 The Comet Gold Mine is in the Murchison mineral field which lies within the 
Yilgarn Craton of Western Australia.  Several different geophysical methods were 
used in this study to define the geophysical signatures of sedimentary iron formations 
(SIF) and altered basalt associated with gold mineralisation.  The geophysical 
surveys carried out at the Comet Gold Mine were gravity, sub-audio magnetics 
(SAM), transient electromagnetics (TEM) and downhole geophysical logging.  Data 
from previous geophysical surveying were also used, and these included high-
resolution aeromagnetics and TEMPEST airborne electromagnetics. Other 
exploration information, such as geology and drillhole data, were integrated with 
geophysical results to study the geophysical responses and generate a geophysical 
interpretation map. 
 The main aim of this study was to generate an understanding of the various 
geophysical responses of geology and gold mineralisation in the Comet Mine area 
for future gold exploration in this region.  Particularly, the study focused on the 
ability of the SAM method to map out geology and geophysical response for gold 
mineralisation.  The response from SAM surveying has been investigated over an 
area of 13 sq kms.  The SAM surveying was completed using a transmitter current of 
5-8 Amp with a 50% duty cycle at 4 Hz frequency, which was considered the best 
setting for the Comet area.  The SAM anomalies were compared to results from other 
geophysical methods.  The results of all geophysical surveying suggested that the 
TEM method was also effective for identifying altered sulphide and magnetic altered 
rock associated with gold mineralisation. 
Experiments were carried out using SAM surveying with electrodes in 
standard surface pits and pits placed directly into the gold mineralised structure.  
Both surveys showed very similar results, so in this area, surface electrode pits work 
well for current injection during SAM surveys.  The similarities are probably due to 
the lack of conductive regolith cover in the Comet Mine area. 
The SAM response was studied for survey grids using different electrode 
positions and directions.  Experiments in changing SAM electrode position over the 
same area were carried out along and across geological strike to detect the different 
geological structure directions.  The EQMMR response was different for electrodes 
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oriented at 90º when surveys were repeated over the same area. SAM mainly 
measures conductive features running sub-parallel to the electrode direction, but the 
EQMMIP response was mostly the same, despite the difference in electrode 
direction.  In addition, the EQMMIP result was very similar for rotated grids, with 
some distortion occurring around the main EQMMR anomaly near the Venus open 
cut pit.  Therefore, SAM chargeability was not strongly polarised along the electrode 
direction like the EQMMR response.  This is consistent with the theory of MIP that 
the method detects the effect of induced polarisation in the earth by virtue of the 
magnetic fields associated with current flow in polarisable bodies within the earth. 
Gravity data were collected along in 4 transects 500 m apart and at 50 m 
station spacing.  3D gravity modelling using polygonal shapes was completed to a 
good fit with felsic and mafic rocks by having rock units dip to the SE.  Euler depth 
solution calculations were applied to locate contacts and deep gravity sources.  
Gravity surveying has also proved to be a useful survey method for geological 
mapping and locating regional structures. 
Ground TEM survey data were used at the Venus prospect to map out 
conductive zones at depths ranging from 30 to 90 m.  All anomaly bodies were 
interpreted to have a SE dip.  The modelled ground TEM results were compared to 
TEMPEST airborne electromagnetic conductivity depth slices.  Both EM survey 
results showed reasonably similar patterns, but the ground TEM method provided 
more reliable conductor locations and depth estimations that correlated well with the 
drilling information and downhole conductivity logging. 
Geophysical logs of natural gamma and inductive conductivity were surveyed 
in 5 drillholes that intersected gold alteration zones.  The alteration zones associated 
with gold mineralised sediments, sulphide and magnetic minerals were identified in 
the downhole logs as increased conductivity, with a sight increase in the natural 
gamma response.  Natural gamma was usually high above a background of host rock 
in the gold mineralised shear zones.  This was likely due to K associated with the 
clay rich SIF units, and sericite and biotite from gold related alteration.  During this 
study, drillhole CTRC028 was drilled into a modelled TEM anomaly, and gold 
mineralised SIF was intersected at the predicted location from the model. 
 Geophysical survey information (magnetics, gravity, SAM and TEM) and 
anomalies in the Comet area were found to be primarily controlled by the local 
structures and mineralisation along these structures.  Modelled ground TEM results 
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were compared to TEMPEST airborne, EM data and showed reasonably similar 
patterns.  The geophysical survey data also highlights black shale units, which can 
produce a false target commonly running parallel to the sulphide altered fault zones 
and SIF units, because of graphite and sulphide in the black shale. 
 The TEMPEST data were a valuable guide to bedrock conductivity over the 
outline project area at Comet, and the follow–up ground TEM and SAM survey data 
was very useful for accurately pin-pointing anomalies for drill testing. 
Geophysical and geological data analysed in this study was used to generate a 
geophysical interpretation map at 1:5,000 scale.  The new interpretation of geological 
units and structures at Comet will provide geologists with a better understand about 
the geological and structural setting for mineralisation in the Comet area.  For 
example, the Comet Fault represents a faulted limb of the Comet fold structure that 
has both limbs dipping to the SE, and plunges to the NE.  Magnetic anomalies 
associated with SIF are considered to correlate with some gold bearing horizons and 
the location of the Comet Fault, that has become more siliceous and altered by 
sulphide minerals and magnetite minerals. 
It is recommended that other prospect areas in the region should be surveyed 
using the SAM method in order to identify shallow gold bearing structures and 
improve geological interpretations ahead of drilling.  
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1. INTRODUCTION 
1.1 General Introduction 
Geophysical exploration is used to complement geological exploration to get 
information about subsurface geology and regolith cover.  The discovery of many 
gold deposits in Western Australia has resulted from the application of basic 
geology, geochemistry and geophysics.  Although geophysical surveying, such as 
aeromagnetics, has been widely used in mineral exploration, in some instances it is 
not useful for direct targeting of mineral deposits.  To improve interpretation and 
targeting, geophysical surveys need to be more precise by increasing data resolution.  
Particularly, high-quality surveys of large areas need to become available at 
reasonable cost.  
Recently, a new technology for geophysical surveying has been created called 
the Sub – Audio Magnetic (SAM) method (Meyers, 2005).  SAM is a high resolution 
technique that combines the acquisition of magnetic and resistivity geophysical data 
that can aid in the geological mapping of gold prospects and definition of drill 
targets. 
Gold deposits are extremely diverse in Western Australia and it is not 
possible to make correct prediction for gold ore bodies without applying a range of 
modern exploration technologies.  Therefore, this project focuses on the application 
of several modern geophysical methods that can be used for the exploration of gold 
ore at depth at the Comet Mine in Western Australia.  Particular emphasis is made on 
the use of the SAM method. SAM uses current channelling in the sub-surface to 
produce an electromagnetic field that is detected using a specialised Cs vapour 
magnetometer that samples at 200-1,000 Hz.  Also, the previous geophysical data 
used in the project area includes high resolution aeromagnetics and TEMPEST 
airborne electromagnetics.  The existing geophysical data, SAM data and time 
domain electromagnetic data are all used in this research to assess their targeting 
ability and to combine results into a geophysical interpretation.  
This project was funded by Alloy Resources Limited’s contribution to the 
Centre for High Definition Geophysics at the Department of Exploration Geophysics, 
Curtin University. 
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1.2 Study Area   
The Comet Gold Mine is situated some 20 kilometres southeast of the town 
of Cue, 60 kilometres north-northeast of Mount Magnet in the Cue and Day Dawn 
districts of the Murchison Mineral field, and sits on the Cue 1:250,000 geological 
map sheet (Watkins et al., 1987).   It is located about 600 kilometres to the north-
west of Perth (Figure 1.1).   The Cue region lies within the Yilgarn Craton, which is 
the largest geologic and tectonic unit.  The local geological setting is Archaean mafic 
and sedimentary host rocks surrounded by granite intrusions (Smith, 1998).  
The Comet gold deposit has an average grade of 6.1 g/t gold and total gold 
endowment of about 840,000 ounces.  It is hosted by banded iron formation (also 
referred to locally as sedimentary iron formation, SIF) and other iron rich rocks that 
are surrounded by mafic rocks, porphyry and granite (Smith, 1998; Watkins and 
Hickman, 1990).   
The hidden ore bodies at Comet were discovered in 1976 through a 
combination of geophysical and geochemical studies in the area (Smith, 1998).  
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1.3 Geophysical Methods used at Comet Gold Mine 
1.3.1 Previous Relevant Geophysical Data 
Previous geophysical methods used in the study area are high resolution 
aeromagnetics and TEMPEST time domain airborne electromagnetics.  A fixed loop 
electromagnetic (EM) survey was carried out at the Comet North deposit, and this 
showed the sedimentary host rocks.  The airborne magnetic survey and the 
TEMPEST survey were conducted in 1997 and 1999, respectively.  Extension fixed 
loop EM survey was carried out by Alloy Resources, but these data were confidential 
to this project.  The previous data will be discussed to consider the variations of 
geophysical survey results for gold exploration and as the basis for a geophysical 
interpretation of the Comet Mine corridor. 
 
1.3.2 Data Collected for this Thesis   
Data collected in the project area includes sub-audio magnetics (SAM), 
gravity, transient electromagnetics (EM), and downhole geophysics.  Using various 
geophysical data sets is useful for better understanding of the geophysical responses 
to the regolith geology, and mineralisation.  Moreover, reliable gold targets are more 
precisely identified by the integration of the geophysical data sets.  The final part of 
the thesis, therefore, compares various data sets for detailed interpretation and 
identifying gold targets.  All geophysical surveys and data were provided by Alloy 
Resources Limited and Curtin University Department of Exploration Geophysics. 
    
1.4 Aim and Scope of Research 
The aims of this research are to outline the significant geophysical 
characteristics of gold deposits at the Comet Gold Mine, investigate the applicability 
of different geophysical techniques for the exploration gold deposits, and produce a 
geophysical interpretation of the Comet Gold Mine area.  This research focuses on 
SAM acquisition parameters, electrode system layouts and processing parameters.  
Acquisition system power, base frequency, and layout geometry was modified to 
channel electrical current into mineralised structures.  Also, processing, 
interpretation and modelling of transient electromagnetics, gravity and SAM TMI 
data are included in this research.  The conductive zones of sulphide mineralisation 
are highlighted as drilling targets.  Results from this research are used to make 
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recommendations on the strengths and weaknesses of each method used for gold 
exploration at the Comet Mine.  
1.5 Organisation of the Thesis 
The thesis is organised in the form of chapters.  The regional setting and 
geology of the Comet Gold deposit are presented in Chapter 2.  The research 
methodology and results of geophysical surveying and survey experiments are 
presented in Chapter 3, which includes processing of the data, modelling and 
imaging.   Chapters 4 and 5 are on the interpretation of results and discuss the main 
findings of this research.  The conclusions and recommendations for further research 
and exploration are presented in Chapter 6.  
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2. GEOLOGICAL SETTING 
2.1  Regional Geology 
 The Comet Gold Mine is situated in the Archaean Yilgarn Craton of Western 
Australia.  The Yilgarn Craton has an area of approximately 657,000 km2 and is 
comprised of granite-greenstone terrains.  The greenstone belt is exposed over the 
study area by about 30-40%, which is an unusual high amount of outcrop for an 
Australian greenstone belt.  Over 3,000 tonnes of gold have been produced in the 
Yilgarn Craton (Witt and Vanderhor, 1998).  Almost all gold deposits are associated 
with the greenstone belts and small, granitoid plutons at the margins of the 
greenstone belts. 
The Yilgarn Craton appears to have been assembled between ~3.00 and 2.60 
Ga by the accretion of a multitude of formerly present blocks or terrains of existing 
continental crust (Myers, 1993).  This accretion event is recorded by widespread 
granite and granodiorite intrusions, which comprise over 70% of the Yilgarn Craton; 
voluminous tholeiitic basalt and komatiite volcanism; regional metamorphism and 
deformation as well as the emplacement of the vast majority of the craton's 
endowment in gold mineralisation.  The accretion events occurred in several phases, 
probably by accretion of continental fragments separated by pauses in subduction, 
with renewed activity occurring episodically.  The project area near Cue is 
surrounded by numerous greenstone belts and intervening granite intrusions.  
The Archaean Yilgarn Craton is subdivided into six terranes: Narryer 
Terrane, Youanmi Terrane, Kalgoorlie Terrane, Kurnalpi Terrane, Burtville Terrane 
and South West Terrane (Figure 2.1).  The Comet gold deposit is in the Youanmi 
Terrane, which combines the Murchison and Southern Cross Granite–Greenstone 
Terranes, because they have a broadly similar lithostratigraphy and tectonic histories 
(Cassidy et al., 2006).  The name Youanmi comes from the historical mining locality 
of Youanmi in the central part of the Youanmi Terrane (Cassidy et al., 2006).  
Therefore, this terrane is subdivided in to 2 domains; Murchison Domain and 
Southern Cross Domain. 
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Figure 2.1 Tectonic division of the Yilgarn Craton, showing subdivision into terranes 
(reproduced from Cassidy et al., 2006). 
 
The Murchison Domain contains two major sequences of greenstones, 
namely the Luke Creek and Mount Farmer groups.  The Luke Creek group is older, 
dated at approximately 3.0 Ga, and consists of an upper and lower sequence.  The 
Luke Creek group consists of four formations: the Gabanintha, Golconda and 
Windaning Formations, and the Murrouli Basalt (Vella, 1994).  The Golconda 
Formation, which overlies Murrouli Basalt, is described as mafic rocks with 
interlayered quartz-haematite banded iron formation (BIF).  The Gabanintha 
Formation, comprising ultramafic rocks and high-magnesian and tholeiitic basalt, is 
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capped by felsic volcaniclastic rocks and interlayered BIF of the Windaning 
Formation (Vella, 1994).   
Sedimentary iron formation (SIF) and volcanogenic sedimentary rocks of 
Windaning Formation occur in the Comet Mine area (Vella, 1994).  Four main suites 
of siliceous granitoids are found in the Murchison Domain: pegmatite-banded gneiss, 
recrystallised monzogranite and two suites of post-folding granites.  Mafic-
ultramafic intrusions are abundant, forming sills and dykes in greenstone belts, 
granitoids and gneiss (Vella, 1994).  The distribution of rocks in the Murchison 
Domain is controlled by five main phases of deformation which have resulted in 
recumbent and isoclinal folding, and shear zone and fault development.  For 
example, the Kurrajong Syncline, which is located near the Comet gold deposits, is 
produced by the third phase of deformation (Vella, 1994).  
The regolith of Yilgarn Craton is usually represented by deep weathering.   In 
some areas, bedrock is completely converted to saprolite up to 100 metres depth 
from surface.  This deep weathering is considered to have been produced during 
Cainozoic-Mesozoic tropical conditions, as evidenced by mottled duricrust which 
records fossillised tree roots, some over 60 million years old (Mahizhnan, 2004).  
Some of the Yilgarn regolith is the oldest in the world, as early as the Cretaceous 
Period and possibly Permian (Mahizhnan, 2004).  Much of the groundwater of the 
Yilgarn is hypersaline, with some being supersaturated in salt which is the cause of 
barren land in lake areas, with significant salt lakes, and high saline water tables 
occurring to the south of the study area.  The origin of this salt is thought to be from 
precipitation of sea salt carried over the Australian landmass for the past several 
million years, and the high evaporation rate leaving the salt behind (Mahizhnan, 
2004).  Locally, the groundwater at the Comet is relatively fresh and does not 
contribute to the geophysical response, other than to aid in producing an induced 
polarisation response in chargeable bedrocks (Meyers, personal communication, 
Alloy Resources, 2007) 
 
2.2  Local Geology 
2.2.1 Location and Access 
 The Comet Gold Mine is situated in the Day Dawn District of the Murchison 
Mineral Field, approximately 20 kilometres southeast of Cue and 60 kilometres 
north-northeast of Mount Magnet.  The gold mining site is located within mining 
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tenements M21/8 and M21/72 (Figure 2.2).  Gold deposits within the immediate 
vicinity of this area include: Comet, Comet North, Pinnacles, Eclipse, Venus and 
Friar.  
 Access to the prospect area is by the Great Northern Highway to Cue, and 
then by graded gravel road that runs east-south-easterly from the Great Northern 
Highway to a sealed highway leading to the town of Sandstone, with a graded track 
running south into the field area from the Sandstone road.  
 
Figure 2.2 Tenements of the project area and gold deposits in the Comet Mine 
corridor that were studied in the thesis (modified after Garlic, 2006). 
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2.2.2 Detailed Geology 
 The greenstone sequence exposed at Comet forms part of the Moyagee 
Formation, the lowest sequence of the Archaean stratigraphy in the Murchison 
Province (McIntosh and Guj, 1982).  The greenstone belt in this area is disturbed by 
granitic intrusives which normally form subconcordant major anticlinal structures on 
either flank of the greenstone belt (McIntosh and Guj, 1982).  The Moyagee 
Formation consists of mafic and ultramafic volcanics and intrusives, exhalites 
ranging from BIF to cherts, and minor clastic sediments including black shales.  The 
mine sequence dips to the SE at 45º to 65º, with strikes trending mainly in a 
northeast-southwest direction (McIntosh and Guj, 1982).  
The project area is located to the west of the southern end of the Tuckabianna 
Shear Zone.  The Tuckabianna Shear Zone is about 1-2 kilometres wide, north-
northeast trending and over 30 kilometres long.  The shear zone has been interpreted 
to be part of the 180 kilometre long Mt Magnet-Meekatharra Shear Zone.  A later 
interpretation is that the Mt Magnet-Meekatharra Shear Zone is, in fact, a series of 
splay faults off of the regional Moyagee Shear that is located to the west.  In the 
project area, gold mineralisation is associated with a series of north-northeasterly 
trending parallel structures with the dominant regional structural trend.  These 
mineralised structures include the Comet-Eclipse and Venus-Pinnacles trends, which 
are associated with faulting parallel to bedding in close proximity to iron-rich 
sediments, including sheared BIF and mafic volcanics (Garlic, 2006). 
 Pidgeon and Hallberg (2000) state that the site falls within Archaean 
Assemblage 3, which is composed largely of interlayered high-Mg basalt, basalt and 
andesite, with minor komatiite and numerous interflow black shale and intermediate 
to felsic cherty-tuff horizons.  The assemblage is little deformed and appears to be 
continuous over much of the northern Murchison Terrane.  Andesite rocks in this 
assemblage consist of interbedded andesite flows, andesitic fragmental rocks and 
andesitic volcaniclastic sedimentary rocks.  
 There is very little to no regolith cover in the Comet Mine area, except for the 
Comet North deposit.  Most of the Comet area has been eroded, exposing fresh 
bedrock.  The Comet North open cut pit has about 1 to 3 metres of transported cover 
and then is weathered down to about 20 metres.  
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2.2.3 Comet Mine Corridor 
 The Comet mine corridor consists of several NE-SW aligned gold deposits.  
The major deposits from north to south are Comet North, Comet, Pinnacles, Eclipse 
and Venus.  The mine corridor covers part of a northeast trending greenstone belt 
situated to the west of southern end of the Tuckabianna Shear Zone.  The discoveries 
of these gold deposits were made before the 1990s.  Most of the gold came from 
lodes composed of chlorite-quartz-actinolite banded mafic units with around 10% 
iron sulphides.  
 Alloy Resources Limited was the current project owner (since writing of this 
thesis, Silver Lake Resources purchased the Comet Project from Alloy).  In 2005, 
Alloy acquired data from the 1999 TEMPEST airborne electromagnetic survey, 
which was flown to explore for blind gold deposits associated with sulphide 
alteration.  There are several blind conductive targets detected by TEMPEST along 
the south-southwestern part of the Comet- Eclipse trend (Lane et al., 1999).  The 
conductive anomalies are caused by bedrock units, mainly shears with sulphide 
alteration and parallel black shale beds (Meyers, personal communication, Alloy 
Resources, 2007). 
  
2.2.4 Mineralisation   
 In the project area, gold is hosted by BIF to SIF, other iron rich sedimentary 
rocks and by mafic rocks (high-magnesian basalt), porphyry and granite.  However, 
gold has also been reported to be produced from laterite and alluvial deposits at 
Tuckabianna (Smith, 1998).  At the Comet deposit, gold mineralisation occurs in two 
units known as the Upper Lode and the Lower Lode.  Separating the two lodes is an 
unmineralised basalt unit, while overlying the Upper Lode is another basalt and a talc 
chlorite unit (mainly high strained high-magnesian basalt).  Both of the lodes contain 
magnetite and have been referred to mineralised BIF or SIF. 
 Gold is usually associated with variable amounts of pyrrhotite and pyrite 
which can range from disseminated to semi-massive, and with highly sulphidic 
fractions of banded/sedimentary iron formations within highly foliated metabasalts 
(Jordan, 1987).  Chalcopyrite is also reported to occur in minor amounts (McIntosh 
and Guj, 1982; Simpson and Treacy, 1977; Lane et al., 1999). 
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2.2.5 Rock Physical Properties 
 In mesothermal, greenstone hosted gold deposits, physical property values 
vary widely and many geophysical methods can assist exploration in some capacity.  
Within the research area, gold mineralisation is associated with SIF layers, faults and 
shear trends commonly causing significant contrasts in physical properties, such as 
magnetic susceptibility or electrical resistivity along structures.  
Most of the volcanic and intrusive rocks in the region are significantly 
magnetic.  However, Vella (1994) describes the BIF-hosed gold mineralisation as a 
relationship between gold mineralised and unmineralised BIF units having strongly 
magnetic properties that are very hard to distinguish.  
Pyrrhotite and pyrite are commonly widespread in local faults of the Comet 
gold mineralised zone, increasing the effectiveness of resistivity surveys.  
Unfortunately, there are electrically conductive features other than the mineralised 
zone, such as black shales, barren sulphide zones and some clay-rich sedimentary 
rocks which are significantly distributed in the research area and may be as 
conductive as the mineralised zones.  
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3. GEOPHYSICAL SURVEYS AND RESULTS AT 
COMET MINE 
3.1 Aeromagnetics  
 Aeromagnetic surveying is the most common and useful geophysical method 
to use in the early stages of gold exploration, due to its cost effectiveness and rapid 
acquisition (Doley, 1990).  The application of aeromagnetic surveying for gold 
exploration is useful for revealing detail on the geological structure and regional 
environment of mineralised systems.  However, interpretation of magnetic data is 
often complicated by the variation of anomalies with respect to their source, and 
quite complex geological structures and magnetic overprinting.  Therefore, 
enhancement techniques are commonly used to improve the estimations of depth to 
magnetic sources, the magnetisation of source material and the geometry of the 
bodies causing anomalies.  Many processing methods have been created to enhance 
different information contained in the magnetic data.  In this research, the 
aeromagnetic data were enhanced by using reduction to pole and vertical derivative 
filtering on gridded data.  
The Comet Mine area was flown by UTS Geophysics in December 1997 
using a Scintrex Cesium Vapour CS-2 total field magnetometer with a sample 
interval of about 10 m and line spacing of 50 m (UTS Geophysics report, 1997). 
The TMI results are presented in Figure 3.1 and clearly show that the Comet 
Mine has a background magnetic intensity of approximately 56,200 nT and range of 
300 nT.  On a broad scale, regional aeromagnetic data reveal NE-SW directional 
magnetic lineaments.  In general, the magnetic features are approximately parallel to 
each other along this NE trend.  These features give a relationship between magnetic 
anomalies and regional structures in the study area.  Near the broad magnetic high 
trend in the centre of the study area, the aeromagnetic survey data highlight granite 
intrusion on the south-western part of the main Comet greenstone dome.  Also, SIF 
units correlate with linear magnetic highs.  Moreover, there is an E-W trending linear 
at the bottom of Figure 3.1 that is interpreted to be a reversely magnetised mafic 
dyke of Proterozoic age (Watkins et al., 1987).  The reversely magnetised mafic dyke 
is diverted along the Comet Fault in a NE-SW direction.  The folded structure in the 
greenstone, dipping to the SE, seems to be over the Pinnacle and Comet deposits.   
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Figure 3.1 Total magnetic intensity of aeromagnetic survey data, after reduction to 
pole filtering, with outlines of the Comet open cut pits shown in thick black line and 
Comet Fault in green line.   
 
The first vertical derivative image from aeromagnetic data (Figure 3.2) is 
created to highlight near surface structures at small scale.  The magnetic features in 
the vertical derivative gray scale image in Figure 3.2 are actually located over the 
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SIF units.  The linear features of the Comet Fault clearly appear on the image, which 
shows a dip to the SE by the asymmetry in anomaly shape.   
 
 
Figure 3.2 First vertical derivative of aeromagnetic survey data, after reduction to 
pole filtering, with outlines of the Comet open cut pits shown in thick black line and 
Comet Fault in green line. 
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3.2 Gravity 
3.2.1 Acquisition  
Gravity surveying is used in gold exploration as a regional and local 
structural mapping tool (Meyers et al., 2001).  The effectiveness of gravity surveying 
depends on the existence of a significant density contrast between altered rocks or 
structures associated with gold mineralisation and their host rocks.  Moreover, 
gravity surveying not only reflects the shape of major granitoids, but also a 
correspondence between the trend of greenstone belts, tectonic lineaments and 
regional fault systems.  Therefore, gravity surveying is also useful for searching for 
intrusive bodies and major faults.    
  The gravity surveying at Comet was planned and successfully collected as 4 
survey lines of 4.5 kms length, as shown in Figure 3.3.  These 4 survey lines were 
collected with 50 m station spacing.  The survey was carried out in September 2006.  
The base station for the gravity surveying was a fixed at station 1200 on line 4 to 
allow for drift corrections to be carried out using repeat measurements.  The base 
station data were read before, during and after the day field performances.  To 
minimise errors associated with position and elevation, Real Time Differential GPS 
positions were recorded for all gravity stations. 
Due to the result of creep in springs and under ideal static conditions, 
gravimeter drift was applied to correct data.  Gravimeter drift was removed with the 
use of base station data.  Two types of drift were corrected: daily drift and overnight 
drift.  All corrections were made assuming zero drift at the first base station 
measurement station 1200 on line 4.   Base station curves were plotted as a function 
of time for each survey day by using linear interpolation.  Zero daily drift was 
assumed at the time of the first base station reading of each surveyed day.   A trend 
curve was fitted which predicted the base station reading as a function of time.  All 
field reading data were subtracted by drift for their time of acquisition during a 
particular day.  Also, overnight drift was applied to correct data, due to a shift 
between days.  Again, zero drift was assumed at the first station measurement of the 
first day.  Then the data were converted to absolute gravity data.   
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Figure 3.3 Gravity survey lines in green colour with outlines of the Comet open cut 
pits shown in black line and Comet Fault in green line. 
  
 
 
 
 
1 
2 
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3.2.2 Corrections and Processing 
An absolute gravity station at ARRC Kensington was measured to reduce all 
survey data.  The absolute gravity at this station is: g = 979376.53 mGal.  The first 
base station of the first day was assumed to be the same value with the absolute 
gravity at ARRC.  The gravity measurement at the first base station of the first day of 
the survey is: g = 6004.016 mGal.  Hence all observed gravity measurements were 
added by: g = 973372.514 mGal.   
 The Scintex CG-3M gravimeter used in this survey automatically performed 
tidal corrections during data acquisition. Latitude, free air and Bouguer corrections 
were performed on the data by using Oasis Montaj version 6.3.  The latitude 
correction was calculated to compensate for the gravitational field toward the poles 
due to smaller earth radius and centrifugal forces.  Latitude correction was performed 
using the 1967 gravity reduction equation.  Free air correction accounts for additional 
elevation above the geoid (sea level) and is equal to: g = 0.308596 mGal per m.  
Bouguer correction calculates for additional material between the geoid and the 
survey height.  This correction assumes an average density (ρ) of 2.67 g/cc.  The 
parameters for doing this process are provided in Figure 3.4.  
 
 
Figure 3.4 Parameter settings for processing Buguer gravity data in Oasis Montaj.  
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Figure 3.5 is a Bouguer gravity anomaly map of the Comet Mine area.  It can 
be seen that there is a regional variation of about 13 mGal over the survey area.  
Generally, this image represents the change in density from a low Bouguer anomaly 
in the west to high in the east.  Clearly, the main anomaly lies in the middle of the 
survey area.  The Bouguer gravity image reveals low density contrast surrounded by 
high density.  Density boundaries derived from gravity data can reflect subsurface 
extents of major fault systems (Grauch et al., 2003).  A similar response occurs at the 
Comet Mine, where the boundaries of density occur along major faults and contacts 
with intrusive granitoid rocks in greenstone rocks.  Some of this activity possibly 
relates to gold deposits along fracture zones during flow of fluids around thermal 
contrast zones.  
 
 
Figure 3.5 Bouguer anomaly map at Comet area, with outlines of the Comet open cut 
pits shown in thick black line and Comet Fault in green line. 
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Residual gravity data were created by upward continuing the Bouger gravity 
by 200 m then subtracting this from the normal Bouguer corrected gravity data as 
presented in Figure 3.6.  The gravity residual anomalies respond to the variation of 
density in the near surface, which represents the influence of rock units and erosion 
and weathering within the regolith.  Figure 3.6 shows the high anomaly zone over the 
open cut pit trend.  The trends of residual gravity anomalies run parallel to the Comet 
Fault and basalt rock units.  Also, a high anomaly linear appears on the south-eastern 
part of the survey area, which is approximately 500 metres wide.  These two high 
anomaly features were separated by the lower anomaly zone which has the same area 
on the Bouguer gravity map.  This anomaly low is interpreted to be an internal 
granite intrusion at depth. Outcrop in the area of the gravity low is schist and gneiss, 
supporting the theory that granite intrusion sits below. 
 
Figure 3.6 Residual gravity anomaly map at Comet with outlines of the Comet open 
cut pits shown in thick black line and Comet Fault in green line. 
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In order to define density boundaries, a first vertical derivative map was 
computed on the residual gravity data.  From Figure 3.7 it can be seen that there are 
two maxima trends in a north-easterly direction which are parallel to each other.  The 
trends in the first vertical derivative map show significant correlation with the 
residual gravity anomaly map.  The linear trend on the south-eastern part of the 
survey area is deeper than the one in the middle. 
 
 
Figure 3.7 First vertical derivative of residual gravity, with outlines of the Comet 
open cut pits shown in thick black line and Comet Fault in green line. 
 
3.2.3 Euler Deconvolution 
Euler deconvolution was performed on the Bouguer data in an attempt to find 
depth to basement with structure index 0.0 and index 1.0 to locate contact and dyke 
features respectively (Reid et al., 1990).  A window size of 25 grid cells and a depth 
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tolerance of 5% with 1.0 structural index (SI) were used to identify major linear 
features, such as dykes and sills.  To define contact areas, a 0.0 structural index with 
a window size of 25 grid cells and a depth tolerance of 10% was also used.  
From Figure 3.8, the Euler depth solution map with a structural index of 0 is 
highlighted as a linear feature on the eastern survey area running in a NE-SW 
direction.  This feature is possibly an upper contact boundary between intrusive 
granitoid rocks and mafic host rocks.   
 
 
Figure 3.8 Euler depth solution map for contacts showing a strong NE trend in the 
east, with outlines of the Comet open cut pits shown in thick black line over image of 
Bouguer gravity anomaly and Comet Fault in green line. 
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An Euler depth solution map with structural index 1 gives a dispersion of 
results (Figure 3.9).  The local geology in this area is steeply dipping and it is hard to 
explain the cause of the scattered results.  However, the results integrate in the centre 
of survey area and correlate to the low gravity trend on the first vertical image, where 
an internal granitoid intrusion is interpreted to occur at depth. 
 
 
Figure 3.9 Euler depth solution map for dyke solution displays scattered results, with 
outlines of the Comet open cut pits shown in thick black line over image of Bouguer 
gravity anomaly and Comet Fault in green line. 
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3.2.4 Modelling 
Polygonal modelling of the gravity data was performed to better understand 
the geometry of bedrocks in the study area.  Hence, Bouguer anomaly data were 
modelled using the following conditions: 
- Regional magnetic map presented three main SIF and dense mafic bands in 
the study area; 
- Local geology maps identified a large area of gneiss, granite and granodiorite 
at north-western and south-western regions of the study area; 
- Based on Telford et al. (1990), the density of granite and granodiorite ranges 
from 2.50 to 2.79 g/cm3 and density of basalt ranges from 2.7 to 3.30 g/cm3; 
- Background density was assumed to be 2.67 g/cm3. 
- Gravity profiles from south to north are numbered from 1 to 4. 
Line profiles were imported and a first order regional field removed.  The gravity 
profiling showed that all lines exhibited similar profiles.  Hence the modelled gravity 
bodies were created with similar shaped bodies.  SIF units identified from regional 
magnetics were included at measured locations in all profiles with densities of the 
order of 3.15 g/cm3.  Positions of the created bodies were adjusted slightly to 
coincide with gravity profiles.  All modelled profiles are provided in Figure 3.10, 
which shows the observed gravity profile line, the modelled field gravity in blue line 
and regional field gravity in pink line.  A modelled gravity map is shown in Figure 
3.11.  All gravity modelled sources display the same dip direction as provided in 
Table 3.1. 
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Figure 3.10 (A) Modelled density sources of gravity survey line 1. Note, red polygon 
represents basalt rock, orange polygons represent SIF rock and pink polygons 
represent granitoid rock. 
 
 
 
Figure 3.10 (B) Modelled density sources of gravity survey line 2. Note, red polygon 
represents basalt rock, orange polygons represent SIF rock and pink polygons 
represent granitoid rock. 
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Figure 3.10 (C) Modelled density sources of gravity survey line 3. Note, red polygon 
represents basalt rock, orange polygons represent SIF rock and pink polygons 
represent granitoid rock. 
 
 
Figure 3.10 (D) Modelled density sources of gravity survey line 4. Note, red polygon 
represents basalt rock, orange polygons represent SIF rock and pink polygons 
represent granitoid rock. 
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Figure 3.11 Modelled gravity map showing spatial relationships of density polygons 
used for gravity modelling from lines 1 to 4.  Note, red polygons represent basalt 
rock, orange polygons represent SIF rock and pink polygons represent granitoid rock.  
 
Table 3.1 Summary of the gravity source model polygon parameters: 
 
 
The basement bodies in the west were interpreted to be granitoid rocks (pink 
polygons), having a density of 2.5 g/cm3 which is the same as the basement units in 
the eastern area.  The red polygon bodies in the middle of the image were interpreted 
to be basalt rocks which have a density value of 3.50 g/cm3.  The SIF rocks were 
interpreted as the orange polygons having a density value of 3.15 g/cm3.  All 
Body 
type 
Density 
( g/cm3) 
Thickness
(m) 
Depth 
Extend 
(m) 
Strike 
Length 
(m) 
Dip 
 
Azimuth 
Depth 
(m) 
 2.50 200-250 300-800 700 57 30 5-150 
 3.15 100-200 250-300 600 55 31 90-100 
 3.50 120-150 280-300 600 37 30 50-100 
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modelled bodies dip to the SE.  It is clear that the modelled gravity map appears 
similar to the first vertical derivative of residual gravity map shown in Figure 3.7.  
 
3.3 Sub-Audio Magnetics (SAM)  
SAM is a galvanic geophysical survey system that injects current into the 
ground through distant electrodes placed along strike of the structure or lithology 
under investigation from a generator (Cattach, et al. 1993; Jackson, 2005).  The 
applied current is created with a high-power transmitter producing a time-varying 
square-wave signal at sub-audio frequency, between 1 and 8 Hz and at a 50% duty 
cycle (Cattach et al., 1993; Hashemi et al., 2005).  Current channelling is then 
detected using the magnetrometric response (Cattach et al., 1993).  SAM parameters 
are measured at metre or sub-metre intervals along survey lines, and include total 
magnetic intensity (TMI), total field magnetometric resistivity (TFMMR), total field 
magnetometric induced polarisation (TFMMIP), and total field electromagnetic 
response (TFEM).  The most common SAM measured parameters are TMI and 
TFMMR surveys.  The EQMMR and EQMMIP anomalies were reduced in this study 
to display a standard format for TFMMR and TFMMIP data, respectively, in the 
processing of SAM data (e.g. Hashemi et al., 2005).   
The SAM method was developed in the early 1990s from magnetometric 
resistivity (MMR) and magnetic induced polarisation (MIP) methods after the US 
Army Environmental Centre expand the UXO detection technologies (Robitaille et 
al., 1999; Meyers, 2005).  The application has been very successfully used in mineral 
exploration, because it delivers greater resolution and has advantages over MMR and 
MIP methods due to the increased survey speed and greater sensitivity. 
 A SAM survey requires laying out a wire electrode pair surrounding the 
research area.  In this research project, the transmitter electrodes were applied over 
high conductive anomalies from TEMPEST surveying.  Current from a transmitter, 
typically 5-8 Amp, 50% duty cycle at 4 Hz frequency (“sub-audio”), was sent 
through the electrodes in a direction parallel to geological strike, and across it for one 
test area near the Pinnacles gold deposit.  
To compare the effectiveness of different line spacing and different line and 
electrode9 direction, 5 ground SAM survey grids were acquired to gather data with 
different resolution for the study area, as presented in Figure 3.12. 
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Figure 3.12 Layout of the SAM survey grids showing the location of electrodes and 
current-bearing wire layouts. Outlines of the open cut pits also shown and Comet 
Fault in green line. 
 
The SAM data was acquired using a TM-6 cesium vapour magnetometer with 
a Geometrics G856 proton precession magnetometer as a base station.   
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3.3.1 SAM surveying with NE-SW current electrodes  
The Comet area was covered by SAM surveying using 3 large grids that were 
later merged to avoid the effect of large resistance in the ground and the wire that 
was used in the survey.  For each grid, a line spacing of 50 m was used along NW-
SE survey lines. 
 The total magnetic intensity (TMI) field data were gridded at 10 m cell size 
and then a 50 m upward continuation filter was applied (Figure 3.13) to avoid near 
surface noise.  There is a high magnetic trend in the middle of the study area having 
a NE-SW direction.  The open cut pits are located along the high magnetic anomaly 
trends.  The relative high magnetic peaks occur over the Venus, Comet and Pinnacle 
gold deposits.  The very low magnetic, E-W trending linear feature at the bottom of 
the image is due to a reversely magnetised Proterozoic dyke.  The TMI from SAM 
has greater near surface solution than the aeromagnetic survey does, but there are 
also near surface noise sources which are removed by upward continuation filtering.  
The first vertical derivative image of SAM TMI (Figure 3.14) highlights 
major and minor trends which are small, discontinuous linear features.  Also, the first 
vertical derivative image of SAM TMI clearly shows the major Comet Fault and 
Comet Fold trend with a NE-SW fold axis and dip to the SE.  These magnetic 
anomaly features seem to be controlled by local SIF layers and structures.  
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Figure 3.13 Total magnetic intensity from SAM survey data, after reduction to pole 
and 50 m upward continuation filtering, with outlines of the Comet open cut pits 
shown in thick black line and Comet Fault in green line. 
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Figure 3.14 First vertical derivative of total magnetic intensity from SAM survey 
data, after reduction to pole and 50 m upward continuation filtering, with outlines of 
the Comet open cut pits shown in thick black line and Comet Fault in green line. 
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The EQMMIP and EQMMR response from SAM data are presented in 
Figures 3.15 and 3.16, respectively.  Also, the first vertical derivative images of 
EQMMIP and EQMMR are shown in Figures 3.17 and 3.18, respectively.  These 
results clearly show that the electrical response trends are aligned with the regional 
structures in this area.  High current channelling is expected to remain in the 
overburden and regolith, which is usually a high conductive zone near the surface 
(e.g. Meyers et al., 2005; Whitford, 2004; Whitford et al., 2005).  At Comet, 
however, there is little to no conductive overburden and the SAM anomalies are 
caused by conductive sources in the bedrock.  The gold deposits are located on high 
anomaly peaks in both data sets, EQMMR and EQMMIP.  On the EQMMR image 
(Figure 3.16), the higher conductive zone is clearly separated from the low 
conductive zone.  Moreover, the boundary between low and high anomalies is likely 
a fault zone hosting sulphide minerals.  The EQMMR image (Figure 3.16) reveals a 
layered, continuous linear related to the Comet Fault.  The EQMMIP image (Figure 
3.15) displays a high chargeability trend which coincides to the limb of folding.  The 
first vertical derivative filtering of both data sets reveal that the Comet Fault has both 
responses from EQMMIP and EQMMR (Figures 3.17 and 3.18). 
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Figure 3.15 EQMMIP from SAM survey data, with outlines of the Comet open cut 
pits shown in thick black line and Comet Fault in green line. 
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Figure 3.16 EQMMR from SAM survey data, with outlines of the Comet open cut 
pits shown in thick black line and Comet Fault in green line. 
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Figure 3.17 EQMMIP from SAM survey data after first vertical derivative filtering, 
with outlines of the Comet open cut pits shown in thick black line and Comet Fault 
in green line. 
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Figure 3.18 EQMMR from SAM survey data after first vertical derivative filtering, 
with outlines of the Comet open cut pits shown in thick black line and Comet Fault 
in green line. 
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3.3.2 SAM surveying with current electrodes in shear zone 
This study also investigated the effect of conductive channelling into a gold 
mineralised shear zone.  The current electrodes were placed in the mineralised shear 
at the Eclipse and Comet open cut pits, which are known from drilling to be the same 
mineralised layer.  The survey line spacing was reduced to 25 m over a 1.1 x 1.0 km2 
grid (Figure 3.12).  In comparison, the 50 m line spaced survey used standard surface 
electrode pits.  Figures 3.19(A) and 3.19(B) are the first vertical derivative EQMMIP 
images of the 50 m and 25 m line spacing grids, respectively.  Also, the first vertical 
derivative EQMMR maps with the same parameters are provided in Figures 3.20(A) 
and 3.20(B).  
The main current channeling was expected to flow though the shear zone 
layer.  The high peak zone of conductivity from the EQMMR and chargeability from 
the EQMMIP appears to focus along the Comet shear, which is very similar with the 
original measurement using normal electrode positions.  The SE-dipping Comet 
Fault was clearly seen as the contact between high and low conductive anomalies on 
the EQMMR image in Figure 3.20(B).  The difference of EQMMR and EQMMIP 
from these images is that the EQMMR presents a high conductive anomaly trend 
extended from the Eclipse pit to the east of survey area, which is not shown in the 
large grid with electrodes placed on the surface.  While the EQMMIP shows very 
similar results between placing electrodes in the Comet Fault zone and on the 
surface.  Current channelling appears to be focussed on deeper structures in the 50 m 
survey, whereas the 25 m survey shows current channelling in the shallower part of 
the Comet Fault, due to closer electrode spacing.  
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3.3.3 SAM surveying with NW-SE current electrodes vs. NE-SW  current 
electrodes 
To compare the effect of current channelling in the bedrock, different 
electrode directions have been applied to a trial area near the Pinnacles open cut pit.  
The electrodes for this survey area were oriented perpendicular for two overlapping 
survey grids (Figure 3.11).  Line spacing was also reduced to 25 m for the smaller 
grid.  The smaller trial area was performed over an area of 400x440 m2.  For both 
surveys, electrodes were place at the surface.  Figure 3.21(A) shows the total 
magnetic intensity of the SAM data in order to compare with the small grid survey 
having 25 m line spacing and NW-SE current electrodes (Figure 3.21(B)).  A high 
magnetic channelling feature occurs on the TMI images of both data sets, which have 
the same area and anomaly value.  These results show that the difference line spacing 
and current direction are unaffected for the magnetic component of SAM surveying.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.21 A) Total magnetic intensity from SAM survey data with 50 m line 
spacing and NE-SW electrodes.  B) Total magnetic intensity from SAM survey data 
with 25 m line spacing and NW-SE electrodes.  See Figure 3.10 for electrode 
locations. Outlines of the open cut pits and Comet Fault line also shown. 
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Figure 3.22(B) shows the first vertical derivative EQMMIP component of 
SAM data from the smaller grid survey with 25 m line spacing and NW-SE current 
electrodes, which are perpendicular with their original position over the larger grid 
having 50 m line spacing and NE-SW electrodes in Figure 3.22(A).  The main 
conductive feature from the first vertical derivation of EQMMIP data in Figure 
3.22(B) still shows a NE-SW trending chargeability anomaly, but this feature is 
smaller than the same feature in the original first vertical derivative of EQMMIP 
image in Figure 3.22(A).  This is rather interesting in that the chargeability response 
does not seem to be very different for perpendicular electrode surveys over the same 
area.  
The first vertical derivative EQMMR data are represented in Figure 3.23(A) 
for the 50 m line spaced and NE-SW current electrodes, and Figure 3.23(B) shows 
results from the 25 m line spaced NW-SE current electrode survey area.  Generally, 
the high conductive anomaly zone in Figure 3.23(B) is significantly different from 
the original grid, which is highlighted over the middle of trial survey area.  The first 
vertical derivation of EQMMR image of NW-SE current electrodes provides a high 
conductive trend in a NW-SE direction near the Comet North open cut pit, while this 
trend does not appear in the first vertical derivation of original EQMMR and 
EQMMIP.  The NW-SE EQMMR trend on the trial survey area with NW-SE 
electrodes in Figure 3.23(B) is likely related with a NW-SE structure, probably a 
weathered cross fault.  This strong difference due to survey direction has been 
reported before for EQMMR data in other gold exploration areas (Meyers et al., 
2005), but not for the EQMMIP response.  
 
3.3.4 Magnetic modelling from SAM data 
Magnetic profiles from SAM TMI data were modelled using Model Vision 
v4.00 by Encom Technologies.  Line profiles were extracted from the SAM total 
magnetic intensity data.  4 profiles were selected to be modelled as shown in Figure 
3.24. 
Geological knowledge indicates that there is a SE dip of the Comet Fault 
structure at approximately 50º in this area.  Therefore, a moderate dip angle is 
applied in the magnetic models.  The depth extent of the magnetite rock formation is 
unknown, however the geological structure in this area is shown to be controlled by a 
large antiform fault along its southern limb, and drilling has intersected the fault to 
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over 300 m depth.  A legend defining magnetic properties of models is provided in 
Figure 3.25 using the following divisions: green body = 0.03 SI, and blue body = 
0.0722 SI, while background susceptibility is zero (see also Table 3.1 for model 
parameters).  The blue bodies are interpreted as a SIF package, which is supported by 
Vella (1994) that the SIF rocks in an adjacent area have a susceptibility of 0.0722 SI.  
The magnetic profiles and models are provided in Figure 3.25, while a stacked 
profile map is presented in Figure 3.26. 
 
 
Figure 3.24 TMI profile locations over a TMI image using SAM survey magnetic 
data with outlines of the Comet open cut pits shown in thick black line and Comet 
Fault in green line. 
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Figure 3.25 (A) Modelled magnetic source of TMI line 1, modelled field response in 
red solid lines and observed data in black lines.  
 
 
Figure 3.25 (B) Modelled magnetic source of TMI line 2, modelled field response in 
red solid lines and observed data in black lines. 
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Figure 3.25 (C) Modelled magnetic sources of TMI line 3, modelled field response in 
red solid lines and observed data in black lines. 
 
 
Figure 3.25 (D) Modelled magnetic sources of TMI line 4, modelled field response in 
red solid lines and observed data in black lines. 
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Figure 3.26 Stacked profile map of the TMI models for transect lines shown in 
Figure 3.24 and models shown in Figure 3.25. 
 
It can be seen from the modelling results that the source magnetic bodies are 
dipping to the SE, and this is supported by local geological knowledge. All modelled 
sources display the same dip direction (Table 3.2).   The model sources are likely to 
be wider than true source due to geometry and magnetic properties changing over 
finite distances.  The blue modelled polygons are steeper dipping than the green 
modelled polygons.  Model dips agree well with known dips from mining and 
drilling of the Comet gold resource (Meyers, personal communication, Alloy 
Resources, 2007).  The green bodies are related to a basalt unit in the survey area 
having a moderate magnetic response. 
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Table 3.2 Summary of the magnetic source model polygon parameters: 
 
 
3.4 Transient Electromagnetics 
 In the study area, sulphide alteration associated with gold mineralisation is 
electrically conductive in comparison to the mafic host rocks.  For TEM surveying, a 
primary field is generated by producing an electric current though a transmitter coil 
or loop of wire on the ground surface.  When the rapidly changing transmitting 
current is applied in TEM surveying, the electromagnetic field becomes time-varying 
(Joseph et al., 2005).  A secondary electromagnetic field is created in conductive 
bodies below the surface, and this secondary field is measured as a slow decay at a 
receiver coil or magnetometer when the primary field is inactive.   
In 2006, a moving loop ground TEM survey was carried out near the Venus 
open cut pit.  Gold mineralisation at Venus occur in a magnetic SIF unit running 
parallel and to the west of the Comet Fault.  The TEM survey lines are located over 
the first vertical derivative image of aeromagnetics in Figure 3.26.  The main TEM 
surveying consisted of 3 lines totalling 3.75 kms to further characterise the known 
conductive zones that had been detected by TEMPEST surveying, and better 
constrain positions for drilling.  Transmitter loops were 100x100 m, and 50 m station 
spacing was used.  The receiver was a B-field sensor and a RVR coil with an 
effective area of 22,000 m2.  
The rocks around survey area consist of resistive granite, basalt, laterite and 
conductive sedimentary rocks.  Also, an E-W trending Proterozoic dolerite dyke 
 
Magnetic 
susceptibility 
(SI) 
Thickness
(m) 
Depth 
Extend 
(m) 
Strike 
Length 
(m) 
Dip 
 
Azimuth 
Depth 
(m) 
Line 1 0.0722 156.3 515.2 615.0 60.0 29.8 196.9 
Line 2 0.0722 53.8 452.0 622.5 55.0 30.4 57.0 
Line 3 
0.0722 80.0 569.1 607.5 57.0 30.4 75.7 
0.030 106.6 279.2 607.5 37.0 30.4 123.2 
Line 4 
0.0722 62.3 333.6 617.5 60.0 30.8 95.5 
0.030 108.4 273.2 617.5 36 30.8 121.4 
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occurs in the southern part of the survey area.  The dolerite dyke exhibits reverse 
magnetisation, which is clearly seen in the aeromagnetic map (Figure 3.27). 
 
Figure 3.27 Transient electromagnetic survey lines in red colour with outlines of the 
Comet open cut pits shown in black line and Comet Fault in green line. 
1 
2 
3 
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Sirotem MK III was used in this study with an in-loop transmitter and 
receiver coil configuration.  Data were opened as a spreadsheet, and cleaned using 
EM Vision v 2.1 by Encom Technology with a composite frequency setting.  Noise 
signals were removed for cleaned data.  The following parameters were applied: 
initial delay 0 ms, turnoff ramp 0.1 ms, and an exponential rise time of 0.05 ms.  
Active channels were selected such that the average gave a record representative of 
the data trend.  Cleaned profiles of lines 1, 2 and 3 are provided in Figure 3.28.  A 
drillhole was also later drilled during this study to test the main anomaly detected in 
TEM lines 1 to 3. 
 
 
Figure 3.28 Cleaned log-linear profiles of transient electromagnetic survey data for 
lines 1 to 3. Line locations shown in Figure 3.27. 
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Line 1 
A strong anomaly was identified near station 1750.  Therefore, a conductive body 
was modelled and computed curves of modelled and field data were compared.  The 
resistivity of the survey area was assumed to be approximately 200 – 250 ohm-m.  
Consequently, an Earth layer model was applied in this process with 250 ohm-m of 
resistivity.  The conductance and geometry of a dipping plate were adjusted to fit the 
observed anomaly shape and amplitude on profile.  The final model, modelled 
response and field response are provided in Figure 3.29.  The main anomaly from the 
observed data agrees with the east dip of the plate model. 
 
 
Figure 3.29 Conductive plate model and modelled field response in red solid lines for 
TEM line 1, with observed data in black lines. 
 
Line 2 
A very strong anomaly was found on line 2 at approximately station 1800.  A 
conductive body was modelled using a similar earth model and the same reasoning as 
applied to line 1.  In addition, a second, smaller anomaly was detected at station 
2300.  This feature was not modelled due to less interest for target drilling.  The 
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resulting model is provided in Figure 3.30, and also agrees well with a moderate east 
dip. 
 
 
Figure 3.30 Conductive plate model and modelled field response in red solid lines for 
TEM line 2, with observed data in black lines. 
 
Line 3 
Two EM anomalies were identified on line 3 at station numbers 1800 and 2100.  
Consequently, two conductive bodies were modelled using a similar earth model and 
the same reasoning as applied to line 1.  The resulting model is illustrated in Figure 
3.31.  The eastern anomaly coincides to the Comet Fault. 
On line 2, the anomaly sources are less conductive than the previous models 
(40S compared to 50-60S), but they still represent prospective targets.  Also, 
conductor plates in all lines, exhibit low to medium conductance, and may explain 
why these are mineralised at a lower gold grade.  The conductive anomalies are 
associated with the clays in the sediments, but sharp increases in conductivity are 
from the addition of pyrrhotite and pyrite.  The modelled plate dips vary from 50º – 
56º with a SE direction.  This coincides to the surrounding geology, which dips on 
the order of 45˚ – 65˚ (McIntosh and Guj, 1982).  The dip angles may vary due to 
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faulting or folding which has occurred during various stages throughout the 
geological history of the area. 
 
 
Figure 3.31 Conductive plate models and modelled field response in red solid lines 
for TEM line 3, with observed data in black lines. 
 
In the CDI processed TEMPEST airborne EM data, the conductive bodies of 
conductor 2 – 1 and 3 – 1 appear to be continuous as the same body, but the ground 
TEM shows the conductive source consists of 2 separate bodies (e.g. Figure 3.41).  
The modelled conductive sources using TEM surveying are presented in Figure 3.32.  
The plates in the west are actually on a structure that has changing conductivity 
along strike (see Table 3.3 for conductive plate parameters).  The depth extent and 
strike length of modelled plates were fitted to observed profiles within a plausible 
range. 
Based on TEMPEST survey data processed to show CDI conductivity at 125 
m depth (Figure 3.41), the plate anomalies are likely to have continuous strike 
length.  Therefore, the modelled plates were created as individual bodies 
approximately 200m long, but the geology shows these plates to form a continuous 
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SIF horizon with moderate to low conductivity, and therefore changing sulphide 
content along strike.  The modelled plate body was later drilled and encountered 
weak gold mineralisation in SIF at the expect depth and position predicted by the 
TEM modelling (see hole CTRC028 in section 3.5).   
 
 
 
Figure 3.32 TEM survey lines and modelled conductor plates. 
 
Table 3.3 Summary of the conductive source plate parameters used in 3D modelling. 
 Line 1 
Conductor 1-1
Line 2 
Conductor2 -1
Line 3 
Conductor 3-1 
Line 3 
Conductor 3-2
Stations 1700-2000 1800-2050 1700-2000 2000-2200 
Strike length (m) 200 230 180 150 
Depth extent (m) 200 180 200 200 
Conductance (S) 40 40 58 60 
Dip (˚) 61˚ SE 55˚ SE 52˚ SE 50˚ SE 
Depth (m) 44 90 68 30 
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3.5 Geophysical Logging 
 Geophysical logging methods were used to measure inhole physical 
properties of the host rocks and gold altered zones.  In this research, downhole 
gamma ray and inductive conductivity methods were used.  The gamma ray logging 
locates zones enriched in potassium from sericitisation or biotite, or depleted in 
potassium from silicification and carbonatisation.  The conductivity logging is useful 
for locating enrichment of conductive sulphide minerals such pyrite and pyrrhotite or 
graphite and pyrite in black shales.  
 Five drillholes were surveyed in March 2007.  The hole locations were 
selected using anomalies from the SAM EQMMR data combined with the TEM 
sections.  The downhole locations of conductive zones in relation to the SAM 
EQMMR response are shown in Figure 3.33.  These 5 drill holes were logged for 
simplified lithology code, inductive conductivity and natural gamma.  The results of 
the geological and the geophysical measurements have been plotted using the 
program LogView, and are shown in Figures 3.34 to 3.38.   Each figure is presented 
with gold assays, lithology, gamma-ray logs and conductivity logs.  From the results, 
gold assays sit in a zone of elevated gamma-ray response and conductivity highs.  
The plot of gamma-ray spectral data and conductivity data from 4 boreholes 
is presented in Figures 3.39 and 3.40, respectively, in order to compare the relative 
response in each borehole.  The zones of gold mineralisation can be located by an 
increase in apparent conductivity of 103 – 104 mS/m above a background of 101 – 102 
mS/m.  In general, the conductivity log relates to an increase in pyrite and pyrrhotite 
content.  Elevated conductivity, similar to gold mineralised shears, is also related to 
carbonaceous shales containing pyrite.  Therefore, the conductors in the SAM, TEM 
and TEMPEST data are a combination of sulphide minerals related to gold 
mineralisation and graphite and pyrite in black shale. 
 Natural gamma is usually 20 – 100 counts per sound (cps) above a 
background of 0 – 10 cps in the gold mineralised shear zones.  This is likely due to K 
associated with the SIF units and sericite and biotite from gold alteration.  Meyers 
(personal communication, Alloy Resources, 2007) confirms that petrology on ore 
samples shows biotite alteration.  Elevated natural gamma is also associated with 
black shale layers sitting above the SIF layer.  In hole CTRC028, elevated counts 
between 110 – 120 m are likely due to sericite and biotite alteration in mafic rocks 
without gold mineralisation. 
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Drillhole CTRC006 and CTRC028 were drilled into an EQMMR conductor 
having an anomaly of approximately 0.27 pT/A.  At hole CTRC006, the basalt and 
the mafic volcanic was logged with a thickness of 162 m, and then intruded by a thin 
dolerite unit.  The lithology data from CTRC028 shows that there is an altered layer 
associated with gold.  The altered layer also gives high conductive and high gamma-
ray responses.  The vein layer which contacts with the granodiorite layer provides an 
elevated gold value of 1.3 ppm at CTRC028 (Figure 3.38). 
 Drillhole CTRC004, which is on a strong EQMMR anomaly high, was drilled 
to only 60 m depth.  Therefore, this drilling data is not included in the correlation 
logs (Figures 3.39 and 3.40) as there is only basalt in this hole with an insignificant 
gold value of approximately 0.002 ppm.  At this location, the overburden was logged 
to only 2 m thickness. 
 Drillhole CTRC005 was located near drillhole CTRC004 and was also on an 
EQMMR anomaly high.  This location represents the same lithology horizon with 
CTRC004.  Drilling information indicates that the depth of mafic dolerite at 110 m of 
CTRC005 is likely related to the depth of mafic dolerite at 162 m in hole CTRC006. 
 CTRC012 was located on an EQMMR anomaly high. At this location, 
massive mafic volcanic basalt was logged to be 165 m thick.  
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Figure 3.33 Location of drillholes selected for downhole logging at the Comet Mine 
area over the first vertical derivative of the EQMMR image from SAM survey data 
and Comet Fault in green line. 
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Figure 3.34 Downhole physical property measurements from hole CTRC004. 
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Figure 3.35 Downhole physical property measurements from hole CTRC005. 
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Figure 3.36 Downhole physical property measurements from hole CTRC006. 
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Figure 3.37 Downhole physical property measurements from hole CTRC012. 
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Figure 3.38 Downhole physical property measurements from hole CTRC028. 
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Figure 3.39 Downhole physical property of gamma-ray measurements from hole 
CTRC028, 005, 006 and 012 for comparison. 
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Figure 3.40 Downhole physical property of conductivity measurements from hole 
CTRC028, 005, 006 and 012 for comparison. 
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The correlation images of downhole logging (Figures 3.39 and 3.40) show 
that there are anomaly peaks of gamma ray and conductivity data at depth about 100-
120 m in CTRC028, CTRC005 and CTRC006, while other peaks  appear at depths of 
about 180-210 m in CTRC005 and CTRC028.  The gamma ray and conductivity 
anomalies of these locations coincide with gold mineralisation depth. 
 
3.6 TEMPEST Airborne Electromagnetics 
Airborne TEM measurements were acquired with the TEMPEST system in 
2000 using 200 metre line spacing, NW-SE line direction, 120 m transmitter height, 
60 m receiver/sensor height, and a base frequency of 25 Hz (Lane et al., 1999).  
Airborne TEM data was provided as dB/dt x and y coils binned to channels 1-15.  
These data were processed for CDI depth slices at 5 m intervals down to 180 m using 
EM Flow software.  The bedrock conductors from 125 m are shown the CDI image 
in Figure 3.41.  The conductive basement rocks for the 125 m depth slice can be 
clearly seen and separated from the more resistive bedrock.  Figure 3.41 shows that 
the high conductivity anomalies form linear trends with NE-SW directions.  
Interpreted trends are shown on the image. Some anomalies show that an area of high 
conductivity is related to gold deposits in the Comet Mine corridor.  Comet, 
Pinnacles and Comet North deposits are located on conductive features in the 
TEMPEST CDI image.  The conductive features are approximately parallel to each 
other, and appear to be discontinuous though the NE-SW trending strike direction.  
This is supported by the results of the EQMMR from SAM surveying.  This 
discontinuity is likely related to pinching and swelling of the SIF and black shale 
horizons and EM coupling differences due to alternating flight directions.  
The TEMPEST data is a valuable guide to bedrock conductivity at Comet, 
and the follow-up ground TEM and SAM survey data was very useful for accurately 
pin-pointing anomalies for drill testing.   
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Figure 3.41 TEMPEST airborne electromagnetic conductivity depth slice image at 
125 m depth, with outlines of the Comet open cut pits shown in thick white line.  
Interpretation of conductive trends shown as solid coloured lines. 
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4. INTERPRETATION 
4.1 TEM and TEMPEST Comparison 
Ground TEM surveying was performed over conductivity anomalies north of 
the Venus open cut pit that were identified by TEMPEST airborne electromagnetic 
surveying.  There was a belief that ground electromagnetic surveying would be 
effective to pinpoint conductive bodies and predict the best drilling locations for 
drillhole targeting.  The results from TEM surveying provided similar conductive 
locations as in TEMPEST airborne electromagnetic surveying, but the ground data 
was more reliable and models of the EM source was confirmed by drilling. 
Two body groups of TEM surveying were separated for interpretation and 
modelling.  The first group consists of body 1.1, 2.1 and 3.1 (Table 3.3).  These 
bodies are believed to be the same conductive unit, which has variation of 
conductivity and dip attitude along strike.  This continuation along strike is clearly 
seen from the TEMPEST airborne electromagnetic image, where one conductive unit 
extends from survey line 1 to survey line 3.  The second conductive group was 
interpreted as only one plate body 3.2 (Table 3.3) (Figures 3.32 and 3.41), which 
shows very high conductivity on the TEMPEST airborne electromagnetic image, and 
correlates to the Comet Fault. 
The TEMPEST airborne electromagnetic image shows that two conductive 
structures have broad, NE-SW trends, approximately parallel to each other.  The high 
conductivity units are associated with SIF horizons.  It is clear that the distribution of 
the conductive bodies of modelled TEM matches very well with the distribution of 
earth conductivities measured by TEMPEST airborne electromagnetic surveying, and 
as confirmed by drilling and downhole conductivity measurements. 
There is a strong, near-surface conductor in the TEMPEST airborne 
electromagnetic data which appears in TEM survey line 3 at approximately 80-90 m 
depth.  The modelled conductive plate 3.2 from TEM surveying indicates that at this 
point, the high conductivity source correlates to TEMPEST conductive data (Figures 
3.31, 3.32 and 3.41); but this is shallower than the TEMPEST airborne 
electromagnetic depth predicted using CDI’s by 125 metres.  
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4.2 Gravity and Sub-Audio Magnetics Comparison 
A residual gravity map was created through upward continuation by 200 m, 
which is used to reduce ground surface noise in the data, and then this was subtracted 
from the normal Bouguer gravity data to produce a residual anomaly.  This residual 
anomaly highlights near surface variation in density.  A low gravity zone possibly 
relates to a granitic intrusive stock at depth.  The contact of the intrusive is clearly 
seen as a sharp contact between high and low gravity values, forming a circular 
anomaly in the SE (Figure 3.6).  Rocks above this zone are metamorphosed to schist 
and gneiss, indicating a local heat source below.  
 
Figure 4.1 Colour image of residual gravity with the first vertical derivative from 
SAM EQMMR contour overlay and Comet Fault in green line. 
 
Integration of gravity data with the SAM EQMMR data shows that there is a 
relationship in structural trends between the EQMMR data and residual gravity data 
(Figure 4.1).  Anomaly trends in the residual gravity are, however, not a perfect 
match with the EQMMR response.  Figure 4.1 shows that an EQMMR anomaly high 
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zone in the central part of the survey area is related to a residual gravity low zone, 
while an EQMMR anomaly low zone in the north is related to a residual gravity high 
zone.  These contrasts are likely due to current channelling in sedimentary rocks 
having lower density and higher conductivity than the mafic volcanic rocks. 
There is a correlation between trends in the first vertical derivative of residual 
gravity data and the total magnetic intensity data.  This relationship is shown in 
Figure 4.2, and shows that some of the magnetic high anomalies correlate to the 
gravity high anomalies.  The first vertical derivative of gravity anomaly does not 
appear along the Comet Fault, but the NE trends follow the dominant trend of the 
greenstone rocks in the survey area.  
 
Figure 4.2 Colour image of the first vertical derivative from gravity surveying with 
the TMI contour overlay from SAM surveying and Comet Fault in green line. 
 
 
mGal/m
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4.3 Sub-Audio Magnetics and Aeromagnetics Comparison 
  The comparison between the ground magnetics from SAM surveying and 
aeromagnetic data shows similarity in the regional pattern of anomalies within the 
study area.  There is a strong correlation in the magnetic response between the two 
data sets.  However, the ground magnetics shows a greater resolution of near surface 
anomalies.  The SAM image of TMI data in Figure 3.12 provides much better 
solution of near surface linear features than the aeromagnetic data, especially in the 
northern part of the study area.  The SAM magnetics does not provide a direct 
correlation to the location of gold deposits, although it provides an advantage to be 
able to detect the main SIF units and structural trends which have a great deal of 
control on the location of gold mineralisation.  The strong magnetic trends in the 
northern part of the TMI images from both data sets correlate to amphibolite to 
gneiss rocks (also shown in Figure 4.5).   
 
4.4 Sub-Audio Magnetics Electrodes Issues 
 SAM surveying was performed using 25 m or 50 m line spacing for different 
survey blocks.  The electrodes were placed in different directions along geological 
strike and across geological strike for one overlapping area between the Pinnacles 
and the Comet North open cut pits.  In the NE-SW electrodes direction data, the 
current flows along the strike of geological units and structures.  The structures show 
a set of conductive units and resistors in parallel, with anomaly asymmetry indicating 
a dip to the SE.  The NW-SE electrodes are perpendicular to the main geological 
strike, so that the current flows across strike of the main structural trend and along 
cross faults and zones of weathering.  Anomalies detected in this direction are weak, 
and are likely caused by N-S oriented faults. 
 Total magnetic intensity images from both data sets, 25 m line spacing with 
NE-SW electrodes and 50 m line spacing with NW-SE electrodes, show the same 
similarity of major magnetic trends and any differences are resolution and gridding 
affects.  However, small line spacing improves resolution as can be seen in images of 
the TMI in Figure 3.13. 
The difference between 25 m line spacing and 50 m line spacing images of 
EQMMR clearly shows that the main Comet Fault structure exhibits as a strong, SE 
dipping anomaly along the SE side of the Comet and Eclipse open cut pits in Figure 
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3.19 (B) with 25 line survey spacing, but it did not show up well in Figure 3.19 (A) 
with 50 line survey spacing.  It is likely that the main current directly flows through 
the Comet Fault when current electrodes are placed in the mineralised shear zone 
(Figure 3.19 (B)), but Figure 3.19 (A) having current electrodes at surface shows an 
irregular shape of a strong anomaly over the Comet Fault.  Also, to place electrode in 
the mineralised shear zone in Figure 3.19 (B) detects a strong anomaly distortion on 
north-eastern part of the Pinnacles open cut pit in NE direction due to proximity of 
the electrode to the edge of the survey area.  
 NW-SE transmitter electrodes use for SAM surveying in Figure 3.23(B) are 
oriented across geological strike and show a significantly different result from the 
NE-SW electrode surveys in Figure 3.23(A).  The NW-SE electrode survey using 25 
m line spacing reveals a new anomaly trend over grid survey with NW-SE direction, 
which does not show up in the NE-SW electrode survey.  When electrodes are placed 
in a NW-SE direction, it is likely that the current flows along the NW-SE structures 
rather than NE -SW structures, which are the main greenstone belt trends in this area.  
A high conductive anomaly trend appears in north-eastern part of the NW-SE 
electrode survey block, which is shown as contour anomaly in Figure 4.3 and is 
overlain on the first vertical derivative of SAM EQMMR from the NE-SW electrode 
survey.  To combine the results of both experiments in changing electrode direction 
can provide geological structure better than one direction electrode survey.  The 
result from changing the position of current electrodes in this study reveals the 
concealed structures in the study area, such as shallow palaeochanels and cross-faults 
having NW-SE directions.  Therefore, the experiment in changing the position of 
current electrodes to run perpendicular to the original position, the grid with current 
electrodes crossed the direction of geological strike can provide significant 
anomalies (e.g. Meyers et al., 2005; Cantwell, 2003).  However, the electrode 
orientation running parallel to geological structure is highly recommended for SAM 
surveying for a time limited survey.   
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Figure 4.3 Colour image of first vertical derivation of EQMMR using NE-SW 
oriented electrodes and EQMMR contour overlay using NW-SE electrodes and 
Comet Fault in green line. 
 
4.5 Total Magnetic Intensity and EQMMR from SAM 
Surveying 
It was anticipated that the EQMMR anomalies would highlight conductive 
minerals and differential weathering along shear zones, and different lithologies, 
lithological contacts and structures having contrasting resistivity.  Generally, the 
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main EQMMR high trend is interpreted to be a site of increased current flow in a 
zone of higher conductivity from minerals in the bedrock or intense weathering in the 
regolith along the Comet Fault.  However, the magnetic anomaly trend along the 
Comet Fault shows a discontinuous trend.  The change in the size and intensity of the 
magnetic anomaly may indicate that the SIF unit running along the fault has pinched 
and swelled due to deformation and faulting, and some zones within the SIF unit may 
be enriched by later hydrothermal magnetite.  There is little to no deep weathering 
along the Comet Fault, so the EQMMR anomaly is related to sulphide minerals 
(pyrite and pyrrhotite) in the SIF and graphite+pyrite in the overlying black shale 
unit.  From the first vertical of the EQMMR image (Figure 3.18), there is an 
EQMMR high trend over known gold mineralisation at the Comet Mine area.  The 
anomaly also indicates a SE dip, consistent with actual dip of mineralisation known 
from mining and drilling.  The main anomaly trends of TMI are associated with the 
SIF units.  
TMI from SAM magnetics (following RTP) with contours of the first vertical 
derivative of the EQMMR overlain is shown in Figure 4.4.  Generally, the TMI 
anomaly high along the Comet Fault correlates to the EQMMR anomaly high.  There 
is some correlation between the magnetic and the electrical data in the northwestern 
part of the survey area.  This response is perhaps a function of parallel fault/shears to 
the Comet Fault and repetition of SIF stratigraphy along fold limbs. 
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Figure 4.4 Colour image of SAM total magnetic intensity with EQMMR contour 
overlay, with outlines of the Comet open cut pits shown in thick white line and 
Comet Fault in yellow line. 
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4.6 Geophysical Logging  
The drillholes logged for natural gamma and conductivity are too far apart to 
correlate to each other for direct comparison.  The conductive responses in CTRC012 
extend from approximately 165 m to the end of the drillhole at 204 m.  The 
conductive sources correlate with black shale and the gold mineralised zones.  The 
black shale is found from 164 m to 168 m, which also gives high gamma-ray and 
high conductivity anomalies (see Figure 3.41).  The mineralised SIF is intercepted 
from 183 m to 198 m, and natural gamma and conductivity anomalies are observed 
to have similar strength to the black shale response.  The gold mineralised zones 
usually give a high natural gamma and high conductivity anomaly response in all 
drillholes.  Moreover, the results of the conductivity logs show a correlation to 
TEMPEST airborne electromagnetic data in the 125 m CDI depth slice, where the 
deep conductive source of TEMPEST and conductive logging were found at similar 
depth (Figure 3.41).  Therefore, it is hard to say that the EM and SAM EQMMR 
anomalies are strictly related to gold mineralisation, as the anomalies are likely 
caused by both gold mineralised shears and the overlying black shale bed. 
Also, several other zones of gold mineralisation associated with sulphides in SIF 
are located in drillhole CTRC012 (Figure 3.37).  The Comet gold mineralisation 
probably has the same type of geophysical features as the Water Tank Hill deposits 
at Mt Magnet, Western Australia, which have sulphide conductors associated with 
BIF (Lindeman, 1984). 
 
4.7 Geophysical Interpretation 
By obtaining various geophysical survey data types, the characteristics of 
particular rock type location and geometry can be determined and used to provide 
geological interpretation maps of greater reliability and detail than are generally 
available from surface mapping alone.  Figure 4.5 is an integrated geophysical 
interpretation showing the occurrence of rock units, structures, geophysical 
anomalies and gold targets untested by drilling.  
The Comet geological units used in the geophysical interpretation are basalt, 
gneiss, dolorite, granite and black shale that is either magnetic or non-magnetic.  The 
granite which has a non-magnetic response is located in the south-eastern part of the 
survey area (Figure 4.5).  The non-magnetic granite covers around 0.5 km2 over the 
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interpretation image.  Also, a deep granitic intrusive rock is interpreted to occur on 
the central part of the survey area from gravity data.  This granitic intrusion is 
covered by basalt and black shale rocks that area metamorphosed to schist and 
amphibolite (Meyers, personal communication, Alloy Resources, 2007), and are 
characterised by low gravity over an area of 0.35 km2.  The Euler depth solution for 
dyke solution over the area relates to this granitic intrusion (Figure 3.9). 
The north-western part of the survey area is characterised by gneissic rocks 
which are non-magnetic and magnetic (Figure 4.5).  The gneissic rocks are probably 
metamorphosed and granite intruded greenstone rocks.  The magnetic gneisses with 
NE-SW trends appear as interlayers in non-magnetic gneiss.  The magnetic and non-
magnetic gneiss separation is highlighted by first vertical derivative filters from 
aeromagnetic and SAM TMI data in Chapters 3.1 and 3.3.   
The majority of the survey area is non-magnetic basalt that covers most of the 
survey area (Figure 4.5).  This basalt is a mixed lithological package that includes 
thin layers of SIF and black shale.  The mafic rocks are mostly high magnesian 
pillow basalts that are highly stretched and more massive dolerite interflows or sills. 
Other units within the basalt include: a magnetic basalt unit that is little deformed 
and appears along the western site of the Comet Fault.  This magnetic basalt unit 
coincides with the magnetic and gravity modelling to have a modelled polygon 
dipping in a SE direction at the same location (Figures 3.11 and 3.26).  
The SIF appears to be a conformable layered interflow sediment surrounded 
by non-magnetic basalt (Figure 4.5).  Most of the SIF rocks in this area occur in the 
central part of the survey area, and highlight the antiform structure and the Comet 
Fault on the SE limb of this fold.  The SIF rocks have been identified by strong 
conductivity and chargeability from SAM surveying, and a high magnetic anomaly 
from aeromagnetic and SAM TMI data.  
The TEMPEST airborne electromagnetic data support that there are 
conductive anomalies along the Comet Fault at the same location with the SIF rocks 
(Figure 3.41).  These SIF rocks are partially substantiated in the gravity, SAM TMI 
and TEM modelling data (Figures 3.11, 3.26 and 3.32), which show the NE-SW 
trend continuity and SE dip.  The large SIF unit on the south-eastern part of the 
survey area is interpreted to be dipping to the SE, and is cut by a minor fault.  Also, 
the open cut pits are located on the SIF rocks (Figure 4.5).  
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Black shale units are also interpreted to occur on the western and eastern part 
of the study area, with a NE-SW trend and SE dip (Figure 4.5).  Unfortunately, there 
is no modelled polygon related to the black shale units.  However, the TEMPEST 
airborne electromagnetic data shows strong conductive anomalies correlating to the 
black shale rocks (Figure 3.41).  The Euler depth solution from gravity surveying for 
a contact found a strong NE trend, which coincides with the black shale units (Figure 
3.8).  The E-W trending rock unit in the interpretation map is a Proterozoic dolerite 
dyke (Figure 4.5).  It should be emphasised that the Proterozoic dolerite dyke 
presents as a reversely magnetised body in the aeromagnetic and SAM TMI data, and 
this dyke is clearly seen in the north end of the Venus open cut pit. 
The interpretation map in Figure 4.5 also defines the major Comet Fault in 
the central part of the study area, with its NE-SW direction and SE dip.  The fault 
outcrops in the Comet, Comet North and Eclipse pits, associated with SIF, and dips 
to the SE at about 45°.  This faulted fold limb is observed in the aeromagnetic, 
TEMPEST airborne electromagnetic and SAM data.  The Comet Fault is 
characterised by strong magnetic, conductive and SAM chargeability anomalies.  It is 
reasonable to emphasis that the Comet Fault correlates with the gold mineralisation 
in this area.  In particular, the position and orientation of interpreted structures is well 
constrained relative to the SIF associated with gold mineralisation.  The 
interpretation map also shows major and minor faults having N-S and E-W 
directions.  
There is a fold structure related to the SIF units in the central area (Figure 
4.5).  The north-easterly trending, recumbent fold is interpreted to be plunging to the 
NE and is shown in the central area adjacent to the Comet Fault.  This fold and its 
limbs are characterised by the aeromagnetic, and SAM TMI data; and partially SAM 
EQMMIP data.  
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Figure 4.5 Combined geophysical and geological interpretation of the Comet Mine 
area. 
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4.8 Recommended Target Areas 
The observed geophysical survey data at the Comet Gold Mine is used to 
identify two target zones based on large anomaly areas using integrated geophysical 
data as provided in Figure 4.6.  These major targets are described below: 
 
1) The western target zone is characterised by a high SAM EQMMR response 
ranging between 70 pT/A and 80 pT/A (Figure 3.16).  This area was interpreted to 
contain SIF and black shale.  Two anomaly high peaks occur within this zone 
running along a north-easterly direction.  This feature also occupies a region 
correlating to a broad magnetic high trend.  Moreover, the high conductive response 
correlates to the broad TEM anomalies which are modelled as conductive bodies 
(Figure 3.32).  In comparison with the geophysical logging, the western target zone 
shows a significant gold assay result of 8.8 ppm Au over 4 metres at 194 m in hole 
CTRC028.  As the result of downhole logging, the layers associated with gold 
mineralisation have a good correlation to high conductivity and elevated gamma-ray 
responses.  These anomalies appear to be coincident with the altered SIF and 
volcanic basalt hosting gold mineralisation (see chapter 3.5). 
2) The eastern target zone is also marked by a linear high EQMMR response, 
ranging from 40 pT/A to 50 pT/A (Figure 3.16), which was interpreted to be SIF.  It 
can be seen in the first vertical derivative map of SAM EQMMR surveying (Figure 
3.18) that this linear conductive feature diverges away from the Comet Fault and dips 
toward the SE.  Also, this conductive body correlates to a trend of high magnetic 
anomalies.  The eastern zone is separated from the western zone by the apex of the 
Comet Fold, and the SIF units may actually from the same unit which is folded very 
tightly.  The previous mining activity and drilling data confirm that significant gold 
assays have been found in this zone.  A single line of moving loop EM carried out by 
Curtin University in 2005 shows a coincident anomaly with this SIF zone, as well as 
a conductor in the TEMPEST data. 
These recommend target areas have a high priority for future follow-up 
exploration and drilling.  
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Figure 4.6 Outlines of recommended target areas in blue polygons, with the first 
vertical derivative of TMI image from aeromagnetic data merged with a colour 
image of the first vertical derivative of SAM EQMMR, with outlines of the Comet 
open cut pits shown in thick white line and Comet Fault in yellow line.   
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5. DISCUSSION 
The results from integration of geophysical data in the interpretation map 
show similarities to the previous geological and structural mapping (e.g. Garlic, 
2006; McIntosh and Guj, 1982; Pideon and Hallberg, 2000; Watkins, 1987), but with 
much greater detail on continuity of rock units and structures.  Lithology in this area 
consists of high-Mg basalt, basalt, andesite and SIF, with minor komatiite and 
interflow pyritic black shale (McIntosh and Guj, 1982; Pigeon and Hallberg, 2000; 
Watkins, 1987).  There are numerous greenstone belts surrounding the Comet area, 
and deformation and granite intrusion events resulted in complex patterns of folding 
and faulting that exhibit a dominant N-E trend.  The anomalous gold values usually 
are usually found associated with SIF having variable amounts of pyrrhotite and 
pyrite (McIntosh and Guj, 1982; Simpson and Treacy, 1977; Garlic, 2006; Lane et 
al., 1999) and iron rich rocks.  Smith (1998) suggests that the east of the 
Tuckabianna Fault is extremely prospective for discovery of variety of buried gold 
deposits.   
At Comet, the gold mineralised zones are expected to be strongly conductive 
and/or magnetic, with conductivity depending on the percentage of associated 
sulphide minerals.  The gold deposits can be clearly mapped using EM as a 
significant conductivity contrast with surrounding mafic host rocks and granites. 
Ground TEM surveying and TEMPEST airborne electromagnetic data can be 
used to pinpoint conductive sources.  Unfortunately, conductive anomalies can be 
caused by pyrite and graphite in black shale.  Hence, black shale can produce false 
targets, but is also useful to map continuity of bedding and structural mapping.  
Magnetic surveying is also used to define magnetite alteration and SIF zones that 
host gold mineralisation.  Application of two independent geophysical properties, 
magnetics and conductivity, is recommended to map gold targets and then plan 
detailed SAM surveying provides both at prospect scale. 
SAM surveying provides the geophysical properties with a single pass of the 
instrument; TFMMR and TMI, with TFMMIP provided under certain conditions of 
high signal to noise.  Therefore, the SAM method is able to map several geophysical 
responses in one survey procedure, and data are collected at higher resolution than 
TEM or airborne EM, but with lower depth penetration.  The SAM anomalies then 
provide drilling targets in the 0-150 m depth range at Comet. 
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Although, SAM surveying has not been successfully used for the direct 
detection of the intensity of gold mineralisation at Comet, the conductive response 
has been used to locate SIF zones, sulphide alteration zones in the basalt, and black 
shales, in addition to delineating faults and other structures.  SAM surveying also has 
been proven to be cost-effective for this type of exploration by targeting mineralised 
structures in detail (e.g. Cattach and Boggs, 2005).  The ground TMI from SAM data 
shows higher near surface noise than aeromagnetic data, but this is removed easily 
by upward continuation filtering. 
The electrical responses in the EQMMR and EQMMIP from SAM data has 
shown great results in defining the conductive and magnetic areas affected by 
alteration, especially along the Comet Fault, fold limbs and other shear zones.  The 
first vertical derivative of EQMMIP from SAM data exhibits a high chargeability 
over the Comet Fault, other shear zones and also over a black shale unit in the south-
eastern part of the survey area (Figure 3.17) which coincides with TEMPEST 
conductivity data (Figure 3.41).  The first vertical derivative of EQMMR (Figure 
3.18) from SAM data is very different from the first vertical derivative of EQMMIP 
image, especially over the black shale in the south-eastern part of the survey area, 
where EQMMR detects a low conductive zone (Figure 3.18), while the EQMMIP 
shows high chargeable zone.  However, on a broad scale, the EQMMR and 
EQMMIP data provide an anomaly response over the Comet Fault and other parts of 
the fold structure where gold mineralisation commonly occurs.  
In the SAM conductivity and chargeability images (Figures 3.17 and 3.18), 
current is assumed to be flowing everywhere through the ground, but primarily in the 
direction of the current electrodes (e.g. Whitford, 2004).  In Figures 3.17 and 3.18, 
the change in current density along the Comet Fault plane may be caused by the 
changes in the level of alteration over the mineralised system, and/or pinching and 
swelling of the SIF unit.   
The Comet groups of gold deposits are clearly associated with conductive and 
chargeable layers which are detected easily by SAM.   Also, a chargeable zone from 
SAM EQMMIP data, with more than 3 km strike length, appears from the Comet 
North open cut pit, and may be a strike extension of the Comet shear (Figure 3.17).    
Current electrodes were placed in the shear zone at the Comet and Eclipse 
open cut pits in order to compare direct injection of current into the Comet Fault 
versus normal surface electrodes.  This experiment has not revealed a significant 
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difference from the large grid having surface electrodes.  Therefore, surface electrode 
pits work well for current injection during SAM surveys in areas of thin regolith 
cover, such as the Comet area. 
Experience in changing the position of the current electrodes from parallel to 
main structural trend to across structure provided information about current 
channelling in different directions.  The EQMMR image in Figure 3.23(B), having a 
NW-SE electrode direction, shows a small anomaly trend in the north-eastern part of 
the trial survey area with a NW-SE direction, parallel the current flow direction.  Yet, 
the EQMMIP data does not detect any new direction in this experiment.  The 
EQMMIP results are similar to the large grid survey area using NE-SW oriented 
electrodes, with some distortion occurring around the main lode anomaly.  Therefore, 
SAM chargeability is not strongly polarised along the electrode direction like the 
EQMMR response. 
The results of SAM TMI for changing current electrodes from parallel to 
perpendicular to the geological strike show similar results, confirming the theory by 
Szarka (1987) that there is no magnetic anomaly when current flowing perpendicular 
to the geological strike.  Hishida et al. (1993) states that there is no significant MIP 
anomaly responses from experiments placing electrodes across the geological strike.  
It confirms with this study that the exploration program must take trends in 
geological units and structures into account.   
The EQMMIP result is consistent with the theory of MIP, that the MIP 
method detects the effect of induced polarisation in the earth by virtue of the 
magnetic fields associated with current flow in polarisable bodies in the Earth 
(Siegel, 1974).  In contrast, the EQMMR would have to be carried out for both 
parallel and across to the geological strike to image all structures in the survey area 
(e.g. Fathianpour et al., 2005; Cantwell, 2003). 
The Comet Fault and SIF units show strongly linear magnetic trends (Figures 
3.2 and 3.14).  It can be explained that magnetite in SIF is formed during deposition 
of sediments, and additional magnetite deposited during mineralisation events.  It is 
common that high-sulphide gold deposits are sometimes located on the edge of 
magnetic low zones, typically in at the intersection of two linear magnetic corridors 
(e.g. Criss et al., 1985; Tenison and Webster, 1985).  The majority of magnetic 
anomaly highs are located on the Comet Fault.  This is possibly enhanced by a 
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hydrothermal process that produced magnetite alteration in the hanging wall of the 
east-dipping Comet Fault. 
Initially, the comparison between the SAM magnetics and aeromagnetic 
survey data is that the TMI data from SAM surveying provided sufficient 
information for exploration to be used on its own.  It provided high resolution 
anomalies to reveal geological units and structures.  However, airborne 
aeromagnetics and TEMPEST airborne electromagnetics have been proven to be 
cost-effective for gold exploration in the Comet area in early stage exploration to 
define geology, structure and broad target areas.  TEMPEST airborne EM data with 
CDI depth solution processing shows that the Comet Fault and features are related to 
conductive anomalies crossing through the Comet open cut pits.  The TEMPEST 
data also highlights black shale units commonly running parallel to the sulphide 
altered fault zones and SIF units (see Figure 3.41). 
The gold deposits in the Comet area correlate to anomalies using several 
different geophysical methods in this study.  Only gravity seems to be less effective 
at detecting the mineralised structures in detail.  Gravity data have shown to be 
useful to identify local lithology and buried intrusions on a broader scale, but the line 
spacing was 8 times that used for SAM surveying.  Magnetics, electromagnetics and 
SAM electrical surveying seem to be better to define the location of the mineralised 
bodies and detailed structures.  There is also a gravity anomaly high that appears 
superficially over the magnetic anomaly high on the eastern side of the Comet Fault, 
which is interpreted to be a magnetic basalt. 
The gravity data were also modelled using Model Vision software as near 
surface, tabular features with SW-dipping rock units having various densities, such 
as SIF, basalt and granitoid rocks (Figure 3.11).  Interpretation of the modelled 
gravity data indicates that mafic volcanic rocks are extensive in the survey area, and 
include magnetic and mostly non-magnetic phases.  The geometry of these units is 
supported by modelled gravity bodies.  The reason for the geometry and localisation 
of gold mineralisation remains unknown.  The experience from using Euler 
deconvolution with a structure index of 0 to define the depth of the gravity sources 
gives a contact location in the western part of the survey area (Figure 3.8).  Also, 
Euler deconvolution with a structure index 1.0 gives a result for defining dyke 
structures in the middle of the survey area (Figure 3.9), which coincides to the 
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interpreted granitic intrusion at depth.  This buried intrusion may have contributed to 
heat and fluids for gold mineralisation at Comet.  
The ground TEM modelling has been used to interpret the depth of 
conductivity sources along transects crossing the SIF units north of the Venus 
deposit.  The conductivity model plates have been modelled with various dips and 
attitudes, due to adjusting modelled plates to fit the observed field profiles.  The 
result of various dips and attitudes is likely caused by folding, as the survey lines 
cross an antiform structure.  By comparison of two datasets between TEMPEST 
airborne electromagnetics, having a 125 CDI depth solution, and ground TEM, it can 
be seen that the conductor trends in TEM modelling follow the conductive feature 
trends in TEMPEST data.  High conductance in the area is most likely associated 
with pyrite and pyrrhotite in SIF and altered basalt, and pyrite and graphite black 
shale.  This is similar to host rocks reported by Lindeman (1984) and Groves et al. 
(1984) for the Hill 50 gold deposit and the Water Tank Hill gold deposit, which are a 
similar stratigraphic horizon with the Comet group having a pyrrhotite proportion of 
up to 50 – 80%.  
Drilling was performed near the Venus open cut pit to follow-up the 
conductive anomaly from SAM surveying (see Figure 3.33).  There is SIF in the 
drilling at hole CTRC012, and it has been confirmed that gold mineralisation occurs 
in this SIF with a maxima gold result of 8.8 ppm in the footwall lower unit.  Also, the 
results confirm that geophysical targets have been adequately explained as an 
alteration zone.  The alteration zones in the SIF can be identified in downhole 
logging as gamma-ray and conductivity anomalies which are considered to represent 
clay, sericitization and sulphide minerals.  
The results of downhole logging at the Tuckabianna Gold Mine, having 
similar lithostratigraphy to the 50 Hill Gold Mine and the Comet Gold Mine (Vella, 
1994), show BIF typically having lower relative gamma activity and higher densities, 
reisistivities and susceptibilities compared with the surrounding mafic units and 
porphyry.  This result disagrees with the downhole logging result in this study that 
SIF units at the Comet mine have higher relative gamma activity and conductivities 
compared with the mafic host rocks.  A reason for this area is that the SIF in this area 
usually associated with more silt and clay and less silica and iron than BIF.  Gold 
mineralisation zones can have potassium values, which are either lower or higher 
than those of the host rocks due to white mica and biotite alteration. 
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Two distinctive conductive zones are mapped, east and west, of the Comet 
fault and appear to lie along the Comet Fault and limbs of the Comet Fold.  Both 
areas are recommended for follow-up, detailed exploration and drilling.  Lane et al. 
(1999) suggests that SIF hosted gold mineralisation is concentrated where N-S 
striking faults and shears adjacent to parallel SIF units intersect the main SIF units.  
The conductive target zone in the western area is regarded as highly prospective for 
gold mineralisation, because it represents a zone where the accumulation of gold 
could occur.   
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6. CONCLUSIONS AND RECOMMENDATIONS 
6.1 General Conclusions 
In this thesis, comparisons have been made about geophysical prospects using 
multiple data sets, such as magnetics, EQMMIP and EQMMR from SAM, 
aeromagnetic data, TEMPEST, airborne EM and downhole conductivity and natural 
gamma data. SAM surveying can provide different geophysical responses with a 
single pass of the instrument.  These data are then quickly and easily converted to 
high resolution images showing anomaly patterns related to geology and structure.  
The SAM response is explained for survey layouts using different electrode 
directions, and the SAM anomalies are compared to results from other geophysical 
methods.  The results of SAM conductivity and chargeability suggested that each 
natural signature is effective to identify sulphide and magnetic altered rocks 
associated with gold mineralisation, along with barren, pyritic black shale beds.  
Experiments in changing SAM electrode position were carried out along and 
across geological strike to detect different geological structure directions and observe 
changes in the SAM responses.  The EQMMR response is different, because it maps 
out conductive features running sub-parallel to the electrode direction.  However, the 
EQMMIP response is mostly the same, despite the electrode direction.  This is rather 
interesting in that the chargeability response does not seem to be very different for 
perpendicular electrode surveys.  This chargeability result confirms with MIP theory, 
in that the MIP method detects the effect of induced polarization with current flow in 
polarisable bodies in the earth.  Therefore, SAM chargeability is not strongly 
polarised along the electrode direction to the same extent that the MMR response is.  
Experiments were also carried out using electrodes in standard surface pits 
and placed directly into the gold mineralised Comet Fault.  Both surveys show very 
similar results, so in this area, surface electrode pits work well for current injection 
during SAM surveys.  This may be due to the lack of conductive overburden at 
Comet.         
In this study, TMI data from SAM and aeromagnetic data are able to map out 
the Comet Fault, which shows a discontinuous NE-SW magnetic trend with a SE dip 
direction where the fault follows a fold limb that dissects the SE side of the fold.  
However, aeromagnetic surveying is the most useful tool in the early stage of 
exploration, due to its low cost for covering broad areas.  
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Gravity data were collected along in 4 transects, 500 m apart at 50 m station 
spacing. These data were used to model the gravity response.  The 3D gravity 
modelling was completed to a good fit, with felsic and mafic rock units having dips 
to the SE.  Gravity surveying was also able to detect the NE-SW trends in rock units 
running parallel to the main trends related to SIF and basalt units.  A circular gravity 
low in the centre of survey area is likely an internal granite intrusion at depth.  Euler 
depth solution calculations were applied to locate contacts and deep gravity sources, 
but the results indicate that Euler depth solution filters cannot directly map out SIF in 
this area.  Gravity surveying has also proved to be a useful survey method for 
geological mapping of regional structures.  
Ground TEM surveying at the Venus gold deposit maps out conductive zones 
with various depths from 30 to 90 m deep.  The TEM data were collected along 
survey lines and were successfully modelled line by line using background resistivity 
with 250 ohm-m.  This modelling revealed four modelled bodies as conductive 
sources.  All anomaly bodies were interpreted to be gold mineralised SIF having a 
SE dip.  The modelled ground TEM results were compared to TEMPEST airborne 
electromagnetic results, and show reasonably similar patterns.  The ground TEM 
method directly provides depth estimation for conductive bodies that correlated well 
with drilling information.  The TEMPEST data are a valuable guide to bedrock 
conductivity at Comet, and the follow – up ground TEM and SAM surveying is very 
useful for accurately pinpointing anomalies for drill testing. 
Geophysical logs of natural gamma and induced conductivity were surveyed 
in 5 drillholes.  During this study, drillhole CTRC028 was drilled into a modelled 
TEM anomaly.  Gold mineralised SIF was intersected at the predicted location from 
the model.  The alteration layers associated with gold mineralised sediments and 
basalt with sulphide and magnetic mineral alteration were identified in the downhole 
logs as increased conductivity with a sight increase in the natural gamma response.  
Natural gamma is usually 20 – 100 cps above a background of 0 – 10 cps in the gold 
mineralised shear zones.  This is likely due to K associated with the SIF units and 
sericite and biotite from gold related alteration.  Geophysical logging data also 
indicates that black shale and small granodiorite dykes give higher anomalies in the 
gamma-ray and conductivity compared to surrounding rocks.  
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Geophysical survey information (magnetics, gravity, SAM, TEM and 
TEMPEST) in the Comet area was found to be primarily controlled by structures, 
where gold mineralisation sits along many of these structures.   
A new interpretation of geology and geological structure was carried out for 
Comet.  This interpretation provides geologists with a better understanding about the 
geological environment of mineralisation in the Comet area.  For example, the 
Comet Fault represents a faulted limb of the Comet fold structure that has both limbs 
dipping to the SE, and plunges to the NE.  Magnetic anomalies associated with SIF 
are considered to correlate with the Comet Fault in the SE, which has become more 
siliceous and altered by sulphide and magnetite minerals. 
 
6.2 Recommendations 
Integration of all the geophysical survey methods used in this study provides 
detailed knowledge about the geophysical responses of SIF associated with gold 
mineralisation.  It shows that SAM surveying is the best method for mapping out 
primary prospects for gold exploration at detailed, mine scale.  Also, changing 
transmitter electrode directions of SAM surveys over the same area can reveal 
concealed structures which have various directions, such as palaeochanels and cross 
structures.  The EQMMR results from this study suggest that the exploration 
program must take account of the dominant strike of geological units and structures. 
 Further geological surveys recommended to target gold mineralised areas in 
the Comet and Tuckabianna region should use the SAM method, then follow up with 
geophysical logging to confirm the source of the SAM anomalies.  Downhole 
logging in the future should also include magnetic susceptibility and density logs.  
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